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US Energy Usage and System Efficiency

1950- 2012
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Minnesota Energy Profile

Minnesota uses a lot of energy

Over 1,800 Trillion BTU’s in primary energy annually (10%?)
Minnesota is essentially dependent on energy
imported from other states and countries

100% of coal and uranium are imported
100% of oil & petroleum products are imported
100% of natural gas is imported

Using energy efficiently benefits Minnesota’s
residents, economy and environment
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Lawrence Livermore
Estimated Minnesota Energy Use In 2008 4 National Laboratory
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MN 2008 Rejected/Lost Energy

1,047.2 Trillion BTU
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Source: Data from Lawrence Livermore National Laboratory Energy Flow Diagrams - https://flowcharts.lInl.gov/index.html
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Comparison of
2008 State System Efficiency
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Opportunities




Current U.S. Electricity System

Opportunity — Useful heat rejected/dumped to the environment

Resource
Utilization

33%

11.5 Quads

Residential
3.8 Quads

Commercial
3.2 Quads

Industrial
3.6 Quads

Centralized generation drawbacks: * Other

= No oppartunity to recover heat generated whean converting fuel to electricity 0.3 Quads
= Substantial losses in transmission/distribution of electricity — particularly during peak

# Large planis and the grid are vuinerable to disruption

*Quads — Duadrilison Btu's Source: NREL http://www.nrel.gov/dtet/about.html

N
Ever-Green Energy ever-greenenergy.com )


http://www.nrel.gov/dtet/about.html
http://www.nrel.gov/dtet/about.html

Opportunity: Generate Heat and Power

Combined heat and power solution to recycling waste heat:
Distribute electricity generation to where waste heat can be recovered and put to use.

TN 75%
Fuel Distributed g Overall

Recovered
Heat
42%
» Domestic hot water
» Space heating

Benefits:
* More efficient use of our natural resources

* More secure against natural and man-made disasters
* Reduced pollution

* Enhanced indoor air quamy and comfort Source: NREL http://www.nrel.gov/dtet/about.html
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What is Combined Heat and Power (CHP)?

A method of simultaneously
generating thermal energy
(heat) and electricity

e Fuel agnostic
e Oftenin an integrated system

* Not a specific technology, but
an application of currently
available technologies

e Typically composed of
mechanical components
manufactured in the United
States

* Flexible and resilient

Source: ACEEE - http://www.aceee.org
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How CHP Works
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Increased Efficiency & Reduced Emissions

Conventional Combined Heat & Power:
Generation: 5 MW Natural Gas
Gombustion Turbine
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Applications for CHP

Large CHP (>20 MW)
Industrial sites
Colleges and universities
Business districts with district energy systems
Mid-Size CHP (1-20 MW)
High-growth industrial applications
Manufacturing and assembly plants
Institutional, military and government facilities
Large commercial sites
Business districts with district energy systems

Small CHP (<1 MW)

Source: DOE Office of Energy Efficiency and Renewable Energy
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CHP Generators

: Total Capacity
, Rank | State
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Benefits of CHP

Uses existing, proven technology
Improve system efficiency
Diversify energy supplies

Reduce emissions

Increase business competitiveness
Enhance resilience/energy security

Source: DOE Combined Heat and Power: Effective Energy Solutions for a Sustainable Future, 2008
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Increasing the Security and Resilience
of the Energy System

CHP Kept Schools, Hospitals Running Amid Hurricane

. Con

Prp————

Date: Dec 11, 2012
gneagy 2

Lessons From Where The Lights
Stayed On During Sandy
days and possibly weeks

before a small army of
utility workers finish

www prince toredu

Above photo: Princeton University energy piant, view full galiery

restoring electric service 5
for customars without While Hurricane Sandy blew the lights out across much of New York Horicane Timeling

City and the shorelines of New Jersey and Connecticut, some facilities
power across large After Hurricane Sandy hit the Caribbean
Swaths of New England in these areas stayed iitand warm through the use of combined heat | ey 22 it swept the entire eastern
and the Mid-Atlantic and power (CHF), seaboard. It made landfall near Atiantic
region, including those CHP systems enabled buildings, hospitals, and entire campuses to g’g 2”9" - ‘gg\:”’g::v;: Nf;;:::;imﬁ"
i1l i i i iy thia retain full heat and power — even afer losing grid-suppled electrcty. | O ™ a'c;ss "‘;’e sy o
Tighobla: This not only enabled these facilies to maintain critical operations 9

during and after the storm, but also relieved the storm-stressed grid as
While the short term eleciric utiities struggled to restore services

Lessons learned from Hurricane Sandy

02/1172012

How CHP Stepped Up When the Power gy piarmaid wiliams
Went Out During Hurricane Sandy remalionsl lgtal Edtor

Likeitz | FoSted December 7, 2012 o | commen'  \hile much attention is being devoted to where power was lost in New York and its surround this past week ¢
x storm, less focus has been placed on where the power was maintained
C3 8 | Weywords: Electricity, Efficiency, Risk Management, chp, grid resiliency,

Hurricane Sandy

Forbes describes the situation in those parts of the city that continued to be powered during Sandy in an articl
‘Lessons From Where The Liats Stayed On During Sandy’ with cogeneration emerging with a great deal

B 7 82> @ 2 ga0 [~ 7] : :
Ehe New jork Eimes
Dot Earth

ANDREW REVKIN

NOVEMBER 5, 2012, 6:11 PM
How Natural Gas Kept Some Spots Bright and Warm as Sandy Blasted New York City

William Pentiand wirites in Forbes, “the long-term strate By ANDREW C. REVKIN
Hurricane Sandy begins not where electric power was l__. - ......c .. .c—....

As noted in recent blog posts by Forbes contributor
William Pentland and the New York Times' Andrew Revkin, it's instructive to look at where the lights
stayed on during Hurricane Sandy to understand what makes certain places more resilient than others.
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Opportunity In Minnesota

MN will add natural gas fired
power plants

This provides the opportunity to
install CHP

Smaller distributed CHP
Large CHP - CCPP

The SGT5-8000H gas turbine developed by Siemens forms
the heart of the highly efficient combined cycle power
plant with district heat extraction in Dusseldorf, Germany.
With an electrical unit output of around 595 megawatts
(MW) and a net efficiency of over 61 percent, the
Lausward CHP CCPP will set a new world. In addition, the
generated thermal energy will be used for the district
heating system in the city of Disseldorf. The overall
efficiency of the natural gas fuel will be around 85
percent.
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ACEEE 2012 Scoring of MN’s CHP Policy

Factor MN AVG of Top 10
Standard interconnection rules (1pt) 0.5 0.75
CHP/waste heat recovery in standards 0.5 0.6
(RPS, EERS) (1pt)
Applicable financial incentive programs (1pt) 0 0.7
Favorable net metering regulations (0.5pt) 0 0.05
Output-based emissions regulations (0.5pt) 0 0.45
Loan and loan guarantee programs (0.5pt) 0 0.2
Supportive policies (0.5pt) 0 0.15
Total 1 2.9
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